The fact that several apical transmembrane or secreted proteins play key roles in PRC development 89 and disease motivates a careful assessment of the mechanism that transport and target these 90 proteins. Several factors have been identified that are involved in apical trafficking in Drosophila 91
PRCs (see Figure 1 ). Examples include Rab1 and Syntaxin 5 (Syx5) that are essential in ER to 92
Golgi trafficking (Satoh et al., 1997; Satoh et al., 2016) . Rab6 is important in the exit of apical 93 rabdomere-destined proteins are moved along actin fibers of the rabdomere terminal web driven 97 by the Myosin V motor (Li et al., 2007) . Following the path of Rh1, once at the rhabdomeres, Rab5 98 and Shibire/Dynamin (Dyn) are required for its endocytosis (Satoh et al., 2005; Alloway et al., 99 2000; Kiselev et al., 2000) . Some of this endocytosed Rh1 is recycled back to the rhabdomere 100 through a retromer-dependent pathway that involves the retromer protein Vps26, whereas the rest 101 is sent to the lysosome for degradation (Wang et al., 2014; Chinchore et al., 2009) . 102 103 It appears that the apical and basolateral trafficking routes diverge somewhere along the Golgi 104 prior to the action of Rab6, whereas the rhabdomeral versus stalk membrane route diverges 105 downstream of Rab6 following the exit from the Golgi. Crb and Eys are thought to be targeted to 106 the stalk through a pathway distinct from the secretory pathway used by rhabdomeral proteins 107 To develop a better understanding of the apical trafficking mechanisms that control the distribution 113 of Eys, Crb, and Rh1 in the fly retina we analyzed 239 candidate genes. We identified 28 genes 114 that are important for the localization or concentration of apical proteins, and provide a more detail 115 analysis of four factors: The Arf guanine nucleotide exchange factor (GEF) Sec71, the exocyst 116 complex, the microtubule motor dynein, and the endocytotic regulator Syntaxin 7 117 (Syx7)/Avalanche (Avl). To identify genes associated with apical trafficking we screened RNAi lines targeting genes known 132 or predicted to be involved in vesicle trafficking for defects similar to Rh1, Crb, and Eys reduction. 133
The eye-specific driver pGMR-Gal4 (Freeman, 1996) was used to drive expression of UAS-dicer 134 (to amplify the effects of RNAi; Ketting et al., 2001) and a total of 291 RNAi lines corresponding 135 to 239 genes (Table S1) . 136
137
The first step in this screen was conducted using transmitted light illumination (TLI). TLI takes 138 advantage of the fact that rhabdomeres act like optical fiber cables. When a beam of light is 139 transmitted through the eye, individual rhabdomeres become visible, after the cornea has been 140 optically neutralized in an appropriate medium (Franceschini and Kirschfeld, 1971a). Using TLI, 141 7 distinct rhabdomeres were visible in control flies ( Figure 2C ). Deviations from the control were 142 categorized into 3 classes based on the severity and type of the defect. Mild to moderate 143 rhabdomeral defects were categorized as class I. Here, one or more, but not all 7 rhabdomeres were 144 distinguishable as individual entities. For example, the defect caused by sec6 knockdown, which 145 compromises Rh1 trafficking (Beronja et al., 2005) , would be categorized as class I ( Figure 2C ). 146
Ommatidia where rhabdomeres appeared as a single diffuse patch were categorized as class II, as 147 seen for example with crb knockdown ( Figure 2C ). Rhabdomeres do exist in Crb deficient PRCs, 148 but they transmit light poorly, likely as a result of their extension defect (Pellikka et al., 2002) . 149
Finally, a class III defect was qualitatively different and referred to an eys-like defect, where a 150 single bright spot of light was visible per ommatidium ( Figure 2C Figure 2D summarizes the results of the TLI screen. Out of the 239 genes screened, we found that 154 the knockdown of 69 genes produced a class I or II defect. We did not observe a class III defect. 155
This suggested that from the list of the trafficking proteins tested, no factor exclusively affects Eys 156 trafficking without affecting other apical proteins. Additionally, 15 genotypes were associated with 157 lethality, indicating a leaky expression of the RNAi construct in essential tissues. 158 159 RNAi knockdown causing a class I or II defect were further analyzed through immunostaining of 160 retinas for Rh1, Crb, and Eys ( Figure 2E ). Two phenotypes that were not further analyzed were 161 caused by Rab11 and Rab21 knockdown. Knockdown of these genes led to fragile eye tissue that 162 fell apart during dissection. Out of the 67 genes examined, we found that the knockdown of 28 163 changed the amount and/or localization of one or more apical proteins ( Figure 2F and Table 1 ). 164
We did not find genes that have an exclusive effect on Eys or Crb. We also did not find a case 165
where Crb and Rh1 trafficking was affected in the absence of changes to Eys. 166
167
We performed a more in-depth analysis of the defects caused by loss of Sec71 (Figure 3 The expression of two different Sec71 RNA lines led to a class II defect as seen with TLI ( Figure  179 3A). We observed a robust reduction but normal distribution of Eys, Crb, and Rh1 ( Figure 3B ). 180
Sec71 knockdown affected the integrity and survival of cells in the retina as ultrastructural analysis 181 showed retinal holes, dying and/or absent PRCs, and small or missing rhabdomeres ( Figure 3C ). 182 183 A similar reduction in Eys, Crb, and Rh1 amounts were also observed in Rab1 deficient PRCs 184 ( Figure S4K ). Rab1 has been associated with the ER to Golgi trafficking of Rh1 (Satoh et al., 185 1997) . Proper processing done at the Golgi is thought to be important for protein stability, and 186 disruption of factors required for ER to Golgi processing such as Syn5 and Rab1 are known to 187 cause an overall reduction in cargo levels (Satoh et al., 2016a , Satoh et al., 1997 . Therefore, the 188 reduction of Eys, Crb, and Rh1 seen in Sec71 compromised PRCs may be due to a lack of Golgi 189 processing, suggesting a role for Sec71 at or prior to the Golgi in the biosynthetic pathway. 190 191 This conclusion is further supported by our observations that also the basolateral protein Nervana 192 (Nrv), a subunit of the Na + /K + ATPase was reduced in Sec71 knockdown PRCs ( Figure 3D ). This 193 suggests that Sec71 acts prior to the separation of apical and basolateral trafficking routes, which 194 is thought to occur at or prior to the trans-Golgi network (TGN). Similar defects in apical and 195 basolateral protein transport have been described for the Golgi-associated SNARE protein Syn5 196 , 2006) . We conclude that the exocyst 244 complex, which is crucial for trafficking to the rhabdomere, is also important for Eys trafficking 245 to the IRS ( Figure 4F ). 246 247
Microtubule motor protein dynein is required for Rh1 and Eys secretion 248
The function of dynein, a minus-end directed microtubule motor protein, has not been previously 249 described in fly PRCs. We observed class I defects with three distinct RNAi lines targeting Dynein 250 heavy chain 64C (Dhc64C) ( Figure 5A ). We observed abnormal cytoplasmic accumulation of Rh1 251 and Eys for all three RNAi lines ( Figure 5C,D) . The presence of cytoplasmic Eys partially 252 overlapped with Rh1, suggesting that Eys and Rh1 are trapped in the same compartments. 253
Cytoplasmic Eys was coupled with a reduction in IRS size ( Figure 5F ). We did not observe an 254 effect on Crb ( Figure 5D ) or basolateral Nrv ( Figure 5E ), suggesting that traffic to the stalk and 255 the basolateral membrane was not affected. opposing orientations (for review see Nemet et al., 2015) . In vertebrate PRCs, rhodopsin is made 279 in the inner segment (IS) and transported to the vertebrate equivalent of the rhabdomere, the outer 280 segment (OS). Within the IS, microtubules are orientated with their plus-ends at the Golgi and 281 minus-ends at the base of the OS. Microtubule orientation is reversed in the OS, where the minus-282 end is found at the base of the OS, while the plus-end is found at the distal end of the OS. It has 283 been proposed that dynein is important in the trafficking of rhodopsin from Golgi to the OS, 284
whereas kinesin is important in trafficking from the base of the OS to its tip (Nemet et al., 2015) . 285
Loss of dynein or kinesin function may therefore lead to defects in rhodopsin trafficking. Figure 6C ). It is possible that an over-accumulation of Rh1 at the rhabdomeres led to a 318 leakage of Rh1 into the basolateral membrane. Alternatively, it is possible that Rh1 may normally 319 be transcytosed from the basolateral to the apical membrane, requiring basolateral endocytosis. As 320 we did not find an effect on the basolateral protein Nrv ( Figure 6E The retinas of 0-24 hour old adult flies were dissected in phosphate buffer (pH 7.4). The cornea 364 and the rest of the head including the brain tissue were removed using forceps. Subsequently, the 365 retinas were fixed in 4% formaldehyde in phosphate buffer (pH 7.4) for 15 minutes, followed by 366 30 minutes wash in phosphate buffer (pH 7.4). Prior to antibody staining, the retinas were kept in 367 a 0.3% Triton X-100 phosphate buffer at 4°C for 24 hours or longer. The antibody staining was 368 done according to a standard protocol. The following antibodies were used: rat anti-Crb (F3, 1:500; Class II candidates identified with TLI (see also Figures S1-S4). Knockdown of 3 genes changed 605 
